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A METHOD FOR IMPROVING PERFORMANCES OF A MOBILE 
RADIOCOMMUNICATION SYSUM USING A POWER CONTROL ALGORITHM 

The present invention is in a general way concerned wjth mobile 
rodiocommunicarion systems. 
5 The present invention is more porticularly concerned with power control 

techniques used in such systems to improve performances (in terms of quality of 
service, of capacity,... etc.) despite the movements of users, i.e. despite continuous 
changes In their respective locations with respect to fixed infrastructures in such 
systems. 

to The present invention is in particular applicable to mobile 

radiocommunication systems of CDMA ("Code Division Multiple Access") type. CDMA 
p is a multiple access technique which mokes it possible for several users to be 

^ simultaneously active on a same frequency, using different spreading codes. 

^ As is knov^n, CDMA systems use t»*^o types of power control techniques, a so- 

Sj 15 called open-loop pov/er control technique, and □ so-called closed loop power control 

fy technique (olso called hereinafter CLPC). These power control techniques may be 

^~ recalled for example for the uplink transmission direction, i.e. from MS ("Mobile 

^ Station") to BTS ("Base Tronsceiver Station'). In the open-loop power- control, a MS 

O transmit power is controlled based on the power received by this MS from a BTS. In 

S 20 the CLPC, a MS transmit power is controlled based on the transmission quality of the 

link between this MS and a BTS, as estimated at this BTS. 
iO Jhe transmission quality of a link between a MS and a BTS depends on the 

ratio of the received signal power and the interference power, also called SIR (Signal- 
to- Interference Ratio). When the SIR of a MS is low, or equivalentiy when the powers 
25 of the other MSs are much higher than its power, its performances dramatically 
decrease. The CLPC algorithm enables to keep the SIR of each user as constant os 
possible. 

The principle of the CLPC algorithm is that the BTS periodically estimates 
the SIR of the received signal from each MS, and compares this estimated SIR to a 
30 target SIR (S1R,^«). If the estimated SIR is lower than the target SIR, the BTS sends o 
command to the MS for the MS to increase its transmit power. Othen^'se, the BTS 
sends a command to the MS for the MS to decrease its transmit power. The target SIR 
is chosen by the BTS as a function of the required quality of sen/ice. 

Such a principle however requires thot the environment is not chonging too- 
35 fast, in porticular that MSs speed is not too high. 
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wo 98/51026 teaches to adapt the power control step size of the CLPC 
algorithm, in particular as o function of MSs mobility requirements (the BTS in 
particular assigning a larger power control step size for MSs having higher mobility 
requirements). 

5 This however does not solve the problem that in fast changing environments, 

such OS when MSs speed is high, the CLPC algorithm cannot track the SIR variotions, 
which results in degraded performances. Indeed in this case the speed of SIR 
variations is much higher than the repetition period of the algorithm, which may 
result In sending to a MS at a given instant t;, a power control command obtained 
10 from environment requirements at instant t,,,, and which no longer corresponds to 
environment requirements at instant t;. This problem could be solved by reducing the 
repetition period of the algorithm, but this would result in a signalling increase 
between BTS and MS, and therefore in o non efficient use of available; radio 
resources. 

15 Therefore there ts a general need to adapt such power control techniques, in 

particular to the case of fast changing environments, avoiding such drawbacks. The 
present invention meetsguch^^r^ose^ -HtC^ X fN V/eO+JO*^ 

The present Invention is basea on the idea that in certain cases it would in 
fact be more efficient not to activate the power control algorithm at all, than to 
20 activate It (since it might be wrongly activated); this enables to improve the 
performances in a significant way. 

An object of the present invention is 'a method for improving performances 
of a mobile radiocommunication system using a power control algorithm, said 
method essentially comprising: 
25 ■ regularly estimating if a criterion is met cs to whether soid power control 

algorithm should better be de-activated, 

- de-activating said power control algorithm if said criterion is met. 
According to another object of the invention, said de-activation includes 
performing said algorithm with o relatively higher repetition period. 
30 According to another object of the invention, said de-octivotion includes 

performing another olgorithm instead. 

According to another object of the invention, said algorithm and sold other 
algorithm ore chosen in a group comprising closed-loop power control algorithms 
and open-loop power control olgorithms. 
35 According to another object of the invention,said method comprises: 
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- regularly estimating if a criterion is met as to whether said power control 
algorithrri" should better be de- activated, when activated, or activated, when de- 
activated, 

- de-adivating, or activating, said power control olgorithm if the 
5 corresponding criterion is met. 

Accordtng to another object of the invention, provision may be made in said 
method, not to de-activate, or activate, said algorithm too frequently. 

According to another object of the invention, said estimation as to whether 
said criterion is met is based on en estimation of a deviation value, representotive of 
10 a deviation between an estimoted transmission quality and a target transmission 
quality. 

According to another object of the invention, said estimation os to whether 
said criterion is met includes : 

- an estimation of a first deviation value, which would have been obtained if 
15 said power control algorithm had always been activated, during a given time-interval 

on which said deviation value is estimated, 

- an estimation of a second deviation value, which would have been 
obtained if said power control algorithm had never been activated, during soid given 
time- interval on which said deviation volue is estimated, 

20 - a choice between activation and de-octivotion of said olgorithm depending 

on which of soid first and second deviation volues is the lowest. 

According to another object of the invention, said estimated transmission 
quality is represented by an estimated signal-to-interference ratio. 

According to another object of the invention, said estimated transmission 
25 quolity is represented by a received signal power- 
According to another object of the invention, said estimated deviation value 
is represented by the variance of soid estimated tronsmission quality. 

According to another object of the invention, said method is performed in 
the uplink transmission direction of said mobile rodiocommunication system. 
3Q According to another object of the invention, soid method is performed in 

the downlink transmission direction of soid mobile radtocommunication system. 

According to another object of the invention. said mobile 
rodiocommunication system is of CDAAA type. 

Another object of the present invention is a mobile rodiocommunication 
35 network entity (such as in particular BT5) for performing such a method . 
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Another object of the present invention is a mobije station (MS) for 
performing such a rtiethod. 

According to another object of the invention, a mobile rodiocommunicotion 
network entity comprises, for performing said method in said uplink transmission 
5 direction: 

- means for performing such a method, 

- means for sending corresponding power control commands to a mobile 

stotion. 

According to another object of the invention, a mobile station comprises^ for 
10 performing said method in said uplink transmission direction: 

- means for .receiving power control commands from a mobile 
radiocommunication network entity, according to such a method. 

According to another object of the invention, a mobile station comprises, for 
performing said method in said downlink transmission direction: 
15 - means for performing such a method, 

- means for sending corresponding power control commands to o mobile 
radiocommunication network entity. 

According to onother object of the invention, a mobile rodiocommunicotion 
network entity, comprises, for performing said method in said downlink transmission 
20 direction: 

- means for receiving power control commands from a mobile station, 
according to such a method. 

These cu3d othw obieds of tfie presentinYaotion will become more apparent 

Sr^e+-3>escn on i>r f>n^.^ , 

from the following descnption foken'tn con|unction with the accomporryihg drawings: 
25 - figure 1 is o diagram intended to illgstrote a CLPC algorithm, according to 

prior art, 

- figure 2 is a diagram intended to illustrote a CLPC algorithm, modified so 
OS to include a method according to the invention, 

- figure 3 is a diagram intended to illustrate the type of means required in a 
30 mobile network entity and in o mobile station to perform a method according to the 

present invention, in the uplink transmission direction of a mobile 
radiocommunication system, 

- figure 4 is a diagram intended to illustrate the type of means required in a 
mobile station and in a mobile network entity to perform a method according to the 

35 present invention, in the downlink transmission direction of a mobile 
radiocommunication system. 
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As recoiled in figure 1, o current CLPC algorithm comprises the following 
steps, for each time t;: 

> At step 10, the BTS estimates the average received SIR during a 

period T, 

5 > At step n , the BTS compares this SIR to a target SIR, SiR,^^^ , 

> If 5IR>SIR»^^„ Qt step 12 the BTS sends a "down" power control 
command to the MS, for the MS to decrease its power by 5 dB, where 5 is a 
parameter of the algorithm, 

> If SlR<5lR,ora*,/ at step 13 the BTS sends an "up" power control 
10 commond to the MS, for the MS to increase its power by 5 dB . 

This is periodically repeated, with a repetition period T, as illustrated by loop 

14. 

As an example, a CLPC algorithm modified so as to include a method 
according to the invention will be described in the following. It should however be 
15 noted that the present invention may be used with other t/pes of power control 
algorithms than the CLPC one. Besides, this description will be made as on example 
for the uplink transmission direction, but it should be noted that it may also be used 
for the downlink transmission direction. 

Let tj = iT be the time when the i-th power control commond, ej = ±1 

20 ( + 1 ='up", - 1 ="dov^n") is applied ot the MS, 

At time tj the MS changes its power by.EjS dB, except if power control is de- 
activated at this time. In this letter case, the MS transmit power does not change. 
Thus, the transmit power of the MS at time t; may be expressed as: 

25 where Co is the initial transmit power of the MS at time to, and 0^= 1 if the 

power control was active at time t^, and a|,«0 otherwise. 

As illustroted in figure 2, a CLPC algorithm modified so as to include a 
method according to the invention comprises the following steps, for eoch time t;: 

> At step 20, the BTS estimates the average received SIR; . This SIR is 
30 estimated and averaged on a period T just after the signal transmitted by the MS at 

time tj has been received, 

> At step 21, the BTS estimates the SIR, noted SIR,', thot would have 
been observed if the power control had always been active, on the time-interval 
beginning at t^^i and ending at t^^j, which hos been considered for determining the 

35 transmit power of the MS at time t| . This SIR may be computed as 
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SIR '^SIR, +^^{^k*'^k^k) ' where e,' is the power conlroi command that would 

have been sent to the MS at time t, if the CLPC algorithm had olwoys been active on 

the considered time-intervcl, 

> At step 22, the STS estimates 6;+/ {in view of computing SlRj^i" at 

- if SIR;' < SIR,«^, ei^/= 1 

- if SIR,' > SIR,^, £,^/= '1 

> At step 23, the BTS estimates the vononce (Opc).' of the SIR that 
would have been obtained if power control had always been active on the considered 

10 time-interval. This variance may be computed as: 

(<T,c)/ -O-'^X^Pc);-.' +c{siR/-SIR^,J 

where c is o real parameter between 0 and 1 (usually dose to 0). 

> At step 24, the BTS estimates the variance (0NO.Pc)i' *^he SIR that 
S would have been obtained if power control had never been octive on the considered 

15 time-interval. This variance may be computed as: ^ 

> At step 25, the BTS decides if the power control may be activated or 
de-activated: 

4> If the power control is currently active (os checked at step 26): 

20 • If Opc > CNO_fc + a (as checked at step 27) a decision is made (at 

step 28) to de-activate power control, 

• Otherwise, a decision is made (at step 29) to keep power control 

octive, 

« If the power control is currently inactive (os checked at step 26): 

25 • If apc < <yNO PC • P (as checked at step 30) a decision is made (ot 

step 31) to activate power control, 

• Otherwise, a decision is made (at step 32) to keep power control 

inactive . 

<X and p ore two positive parameters of this algorithm. In practice, they are 
30 dose to 0 but usually different from 0 in order to ovoid activating and de-activating 
the CLPC olgorithm too frequently. 

> At step 33, the BTS compares SIR; to SIR„^,,: 
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♦ If SIRi>SIRtarg«, Hie BTS provides at step 34 o "down" power control 
command for the MS (this command moy or not be sent to the MS, as indicated 
hereinafter) 

♦ If 5!Ri<SiR^«, the BTS provides at step 35 an "up" power control 
5 command for the MS (this command may or not be sent to the MS, os indicated 

hereinafter). 

Such an ''up" or "down" power control command (provided at step 34 or 
35) is combined at step 36 with the result of the decision as to activation or de- 
activation of the algorithm (provided at step 28, 29, 31, or 32), so as to generate a 
10 resulting pov/er control command to be sent to the MS. An "up" or "down" power 
control command may b^ sent to the MS, if the power control is active, or activated; if 
the power control is inactive or de-activated, the BTS may either send such an "up" or 
••down" power control command to the MS, together with an indication that it has not 
to be taken into account, or not send any power control command at all to the MS 
15 (since it does not need it). 

Besides, the above disclosed algorithm is periodically repeoted, as 
illustrated by loop 37. 

Thus, the above disclosed algorithm comprises the steps of: 

- regularly estimating if a criterion is met os to whether said power control 
20 algorithm should better be de-activoted, when activated, or activated, when de- 
activated (steps 20-24, 26, 27, 30) 

- activating, or de-activating, said power control algorithm if said criterion is 
met(steps28, 29, 31,32). 

In the example disclosed, said estimation as to whether said criterion is met 

25 includes: 

- an estimation (step 23) of a first deviation value (a^)i^ which would have 
been obtained if said power control algorithm had always been activated, during a 
given time-interval (beginning at t,;.] and ending at t^,;) on which said deviation 
volue is estimated, 

30 - an estimation (step 24) of a second deviation value (<J|sioj<:)i^ which would 

have been obtained if said power control algorithm had never been octlvoied, during 
said given time- interval on which said deviation volue is estimated, 

- o choice (step 25) between octivation and de-activotion of said olgorithm 
depending on which of said first and second deviation values is the lowest. 

35 It is to be noted that said second deviation value (0^40 ^)',^ could be replaced 

by a constant, which might be environment-dependant. 
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. Besides, when the CLPC algorithm is de-activoted, another algorithm that 
shows some better perfomiances (in particular at high MSs speed) could be used 
instead, such as an in particular dn open loop power control. Another possibility 
would be to let the GLPC algorithm be active but with o larger repetition period T. It is 
5 to be understood that the notion of "de-activation" used in this application includes 
such various possibilities. 

Besides, other examples of performing said estimation as to whether said 
criterion is met could be possible. For instance, the variance Cj' of the estimated 
signal-to-interference ratio SIR; could be compered to o given threshold (which might 
10 be environment-dependent), ond depending on the result of this comporison it could 
be decided whether or not the algorithm should be de-activated. 

Besides, in the example disclosed, said estimated transmission quality is 
represented by an estimated signal-to-interference ratio. Other examples could be 
possible; in particular said estimated transmission quality could be represented by a 
15 received signal power. 

Besides, in the example disclosed, said estimated deviation value is 
represented by the variance of the estimated transmission quality; any estimator other 
than the variance could also be used. 

The example disclosed is particulariy advantageous in that it allows a 
20 recursive implementation of steps 20-25 of the algorithm, as appears from the above 
description of this algorithm, but other examples could also be possible. 

Besides, a number of other variants could be envisaged from the above 
description of the algorithm. 

As an example, said considered time-interval may not be referred to the 
25 time origin tq , but to the current time tj minus some inten^al, e.g. t. to tj.^ , where N is 
a parameter of this algorithm. 

In the latter case, the transmit power of the MS at time ti would be expressed 

as: C, -Ci.n +S^a/_;te,_jt , 
t-o 

and the SIR that would hav© been obsen/ed if the power control had alwoys 

W-1 

30 been active on the considered Interpol as : SlRf^^SlR-, +S ^(E^.jt '^;.^e,_;^ ) . 

As another example, in the above disclosed algorithm, when receiving a 
power control command ej=±l, the MS computes its new power as Cj^j = Q + eiS 
when power control is active. 
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The proposed algorittim can be generalized io any function Ci^i= f;{C;,Ej) 
where fj are some functions ihat can also depend from any previous power Cj and 
power control connmand as well as any other parameter. 

For instance, one nnlght have a different power step for the "up" and "down" 
5 power control command, so that; 

• Cj^i = Q + 5^^ if the power is increased, 

• Cj+i = Q - 5do-r. i^ the power is decreased. 

In a general woy, if g. is the function such as g;(C;) - C, if Oj=0 or 
g.(Ci)=f;(C;, C;) if a =^, ond f(' is the function such os V(Ci)^f;(Ci,€i'), the expression of 
10 the variance .{a^40.«:)i^ becomes: 

(cy,vo_^c)/ =a-c)(<T,va.f^);-,' ^4g.og,.,o-.ogy{SIR,)-SIR,^J 
and the expression of SIR'-, becomes: 

sjRr-= fro/,. I ' o-.-o/, • o{g,og,_,o..x)g, y' asm,) 

where the symbol "o" is used to indicate o composition function, and is 
15 used to indicate an inverse function, 

The present invention also has for its object an entity for a mobile 
radiocommunicotion network (such as in particular BT5), as well as a mobile station 
(MS), for carrying out such a method. 

As already noted, the present invention may be used for power control in the 
20 uplink transmission direction (from MS to BTS) as well as in the downlink transmission 
direction (from BTS to MS). 

In the uplink direction: - 

• a mobile radiocommunicotion network entity, such as illustrated at 40 in 
figure 3, essentially comprises, further to other classical means (not 
25 mentioned here and v/hich may be classical): 

• means 41 for performing such a method, from signals noted 
51 received from a mobile station 

• means 42 for sending corresponding power control commands 
noted CI to a mobile station, 

30 • o mobile station, such as illustrated at 43 on figure 3, essentially 

comprises, further to other dossical means (not mentioned here and 
which may be clossicol): 

• means 44 for receiving power control commands Cl from a 
mobile radiocommunicotion network entit/, provided according 

35 to such Q method . 

In the downlink direction: 
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• a mobile stcrtion, such as illustrated at 45 on figure 4, essentially 
comprises, further to other classical means (not mentioned here and 
which may be classical): 

• means 46 for performing such a method, from signols noted 
5 S2 received from a mobile network entity, 

• means 47 for sending corresponding power control comnnands 
noted C2 to a mobile network entity, 

. o mobile radiocommunicotion network entity, such as illustrated at 48 
on figure 4* essentially comprises, further to other classical means (not 
mentioned here and which may be dassical): 

• means 49 for receiving power control commands C2 from a 
mobile station, provided according to such o method . 

Means such as 41 or 46 do not need to be more fully disclosed than as 
been made above by their function, for a person skilled in the ort. Means such as 
15 42, 44, 47, 49, moy operate according to ony known type of signalling procedures, 
or protocols, in such type of systems, and therefore do not either need to be more 
fully disclosed than has been made above, by their funcHon. 
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